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I, SUMMARY

A, This quarterly summary covers research work conducted in partial
fulfillmer.t of Contract ruonr-«.s62 , Task Order I, during the period 15 November
1951 to 1S February 1952,1

Be The more important results and concluvsions of the work reported
are presented below,

1, A program has been initiated to study the chain-trensfer
characteristics of vinyl monomers containing nitro groups and aliphatic nitro
groups generally. Preliminary results indicate that the trinitromethyl group
has very strong chain-transfer tendencies,

2. Tha kinetics of polymerization for pentaerythritol acrylate
trinitrate have been studied dilatometrically at 30, LO, and 50°C. The rate
constants at these temperatures have been determined and the activation energy
of the reaction has been calculated,

3. It has been found that boron trifluoride etherate is a
catalyst for polyurethane formation. However, increasing catalyst concentra-
tion causes decreasing molecular weight, in a nonlinear manner. The mechaniam
of the reaction appears to be complex and has not yet been clarified.

L. Continued attempts to substitute cellulose and polyvinyl
alcohol vy means of trinitrobutyric acid or trinitropropyl isocyanate have
not been successful. Accordingly, this work will be discontinued,

Se  Further attempts to prepare high polymers of glycidyl
L,4,b-trinitrobutyrate have not been successful. New work cn the polymeriza-
tion of nitro epoxides will be concentrated on compounds of lower molecular

weight.

6. Three new nitro polyurethanes have been prepared and
successfully postnitrated. These polyurethanes are prepared from

a, 3,3,5,7,7-pentanitro~1,9-nonane diisocyanate and
2,2=dinitro~1,3~propanediol

be 3,3-dinitro~1,5-pentane diisocyanate and L,L.6,8,0~

" pentanitro-1,1l-undecanediol

Ce 3,3-dinitro~1,5-pentane diisocyanate and 4,4,6,6,8,8-
hexanitro~l,ll-undecanediol.

previous work on this contract was covered in Aerojet Reports No, 330, 2LS,
ggl, 386, 3664, LOL, u16, L17, LA7A, L2k, LS7, L6, LGB, LB2, L9k, L99, S1S,
C, and 563,

Page 1
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1 Summary, B (cont.) Report No. 590

7o It was found that thermal stabilities of nitro polymers may
be greatly improved by a thorough bicarbonate washing.

Be The solubility parameter of 2,2-dinitro~l;3~propanediol has
been determined from its solubility in acetone, methanol, and ethanol. °

Se The specific-impulse table for condsnsation polymers, first
presented in Aersjet Report No. SLO, has been revised and greatly expanded.

10, Creep measurements have been made on molded sheets of
polyurethane I-A and polyurea IJI-\; the creep curves are presented,

L
o —— ey o,

11, Burning-rate studies in the Crawford bomb have been conducted
on lﬁﬁlyurethane I-A, At 1000 1b and 60°F the burning rate was found to be il
Q. 1"0/800. .

of nitro alcohols, by conducting the reaction in concentrated suliuric acid,
However, the yields are generally lower than those obtained by the standard
procedure,

12, A rapid method has been found for the preparation of esters \

13, VWork has been conducted on the purification of 2,2-dinitro- l
butyl acrylate so as to obtain a monomer with reproducible charactoristics, I
The purified material now gives good high-molecular-weight polymer which is I |
soluble in solvents such as acetone,

1, The synthesis of «(2,2-dinitropropyl) acrylic acid has been !
completed. If esters of this acid can be polymerized, many new monomers will '
be available as potential propellant ingredients, o il

15. A relatively safe method has been developed for the dis-
tillation of L,k,L-trinitrobutyryl chloride from a "carrier solvent" in a glass ©
falling-film still. ii

16, The following new compounds hiave been prepared for use as
intermediates or plasticizers:

a, bis(5,5,5-trinitro-2-keto~1-pentyl) carbonate

b bis-chloroformate of L,L,6,8,8-pentanitro-1,11-
urdecanediol

N 1,2-bis(L,bh,k-trinitrobutyroxy) ethane

d, 1,2,3~tris(L,L,b-trinitrobutyroxy) propane

e 1,2-bis(k,k,k-trinitrobutyroxy) propane

fe 1,5-bis(l,L,k-trinitrobutyroxy)-3-oxa~pentane

Page 2
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ge 1,2-diacryloxyyropane
he 1,5-diacryloxy-3-oxapentane
i. 3-trinitromethyl cyclohexanone

17. Data sheets (SPIA) have been completed for four nitro
compourxis previously prepared on the program,

II, TECHNICAL PROGRESS: NITRO POLYMERS

A, VINYL POLYMERS
1, Chain-Transfer Study of Nltro Compounds

e Introduction

(1) The primary objective of the nitro polymer
program is to produce an "ideal®™ monopropellant containing aliphatic nitro
groups. The two approaches being pursued at present for the preparation of
nitro polymers are (1) cocndensaticn of appropriate functional nitro monocmers
and (2) the vinyl-type polymerization of unsaturated nitro compounds. Of the
latter type only three monamers have been availadble in sufficient quantity
for study., It became apparent that these monomers differed from other vinyl
monomers, such as styrene and methyl methacrylate, in the following respects:
(1) the polymerization rates were slower than those observed for compounds
which do not coutain nitrec groups; and (2) the molecular weights of the
polymers were very low, This fact was substantiated by the low molecular
weights (determined oamotically), low intrinsic viscosities, and extreme

brittleness of the polymers. Inasmuch as polymers of very low molecular weight

usually possess undesirable physical properties, it was important to determine
the cause of thase characteristics, This information must be available, so
that either the properties of these polymers may be improved, or specifica-
tions given for the preparation of new nitro monomers,

(2) Although explanations may be advanced for the
behavior described above, no experimental data have been avallable to
substantiate them, However, by comparison with monomers which do not con-
tain nitro groups, it seemed that the nitro group was actively participating
in the polymerization, Nitro aromatic compounds are well known as polymeriza-
tion inhibitors., Also, the low molecular weights obtained could be explained
by assuming that the nitro group was involved in chain transfer of the
polymeric radical to the monomer. In order to obtain & better understanding
of the polymerization of olefinic nitro monomers, a program was initiated to
study the chain-terzinating effects of the nitro group.

Page 3
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be Discussion

(1) Sc that the problems involved may be more clearly
understocd, it is appropriate first to discuss briefly the fundamental theories
of bulk and solution polymerization. Studies by a rnumber of workers on radical
chain-polymerization of vinyl monomers have shown that the facts are consistent
with the following mechanism:2 ,

cat. —ié R. : Initiation (1)
R+ M —25 RM, . Growth (2)
Rlpe + M2y Bllye ——> = = —> g (3)
L. + RM,, o, R, R Terntnation (L)
B + R, —S 5 R+ R (5)
where
cat, = catalyst

R. = catalyst radical

M = monomer
Riy. - - - Ry, = chain radical

(2) The kinstic consequances of these equations shor
that the rate of conversion of monomer to polymer is given by the following
expreasion:

-a (¥ 1\ 2
d'E Lo, [e*] u] = % <k-l> [eat] /% u (6)

3
where

[Cﬂ- conce of all free radicals

kB.kc’kd

2

Mark and Tobolsky, Physical Chemistry of High Polymeric Systems (Interscience
Publishers, InCo, e Loy
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II Technical Progress, A (cont.) Report No. 590

(3) The lkinetic chain length, V, is given by:

velocity of growth “2[" [ ] kz[“] "2[“]

(L) In order to obtain a complete understanding of
vinyl polymerisation it is necessary to introduce the concept of chain
transfer to monomer and to polymer,

nu,,.*n-—k'r—“»nunﬂ0l. (8)

u.+uﬁ->u2.—-9----—->%. (9)

Chain transfer to monomer or to catalyst affects the number average degree of

polymerization, Fn' Chain transfer to polymer does not affect Fn' but
introduces branching., In cases of mono-radical initiation and no chain
traasfer to catalyst the following relations can be derived:

o T wd“’?- (kg >"2 [eat] /2 +zxe
~afu]
1 Jqu (kp + 2“d’ ( >
= = 3 (11)
P, % T g)?

~a(u]

1 Y kry
Plots of = vs !cat or = V8 —y§— give the values of y— at the intercept.
P L J P 2

n n
The relative values of kc and kd can be determined from the relation

ke _{1["“]/( ]\)} + kpyfkp =
s Jm]/( el )

provided that k; [cat] » the rate of spontaneous decomposition of catalyst, can
be determined by independent measurements,

(12)
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(S) In order to determine the effect of the nitro
group on the polymerization of vinyl monomers which do not contain nitro groups,
it has been decided to investigate the chain-transfer abilities of certain
polynitro compounds, such as trinitroethyl propionate, 1,1,l-trinitroethane,
and 2,2-dinitropropane. The monomers selected are styrene, methyl methacrylate,
and vinyl acetate. Chain transfer of this type can take place by the following
equations:

R, *sx—-ibiam,,k+s. (13)
Se ¢+ Moy SM, ——> - - - = — 8K, (1k)

where
SX = chain-transfer agent

Se = chain-tranafe; radical

Under these conditions the expression for ;n becames:

?n = velocity of propagation/velocity of termination + velocity of
transfer to monamer + velocity of transfer to SX

iy (] [u]

- (15)
k3 09% 2 i[04 {s] + eru[c¥] ]
kol u|
= (16)
“3[3‘.} + kp(8] + ky[u]

1. (kyky)¥2 [cag]) /2 iy g[8 -

P icp [u] 2 K[
Plots of é’—-'va [S]/ [li] shonld therefore give stiaight. 1ines whnea intercept is

n
(k1k3)l/ : [:caijljz/k,‘ + k.nl’/k2 and whose slope is "'/“2’

Page 6
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(6) Styrene, methyl methacrylaté, and vinyl acetats
were selected because they are monomsrs comteining both electron—-donating and
electron-attracting groups, In addition, the litarature contains valuable

information from which P, cen be calculated, Trinitroethyl propionate and
trinitroethane were 'selected because of their structural similarities to
trinitroethyl acrylate and methacrylate., It was also decided to study the
effect of dinitropropane on the polymerization of the above-mentioned monomers,

(7) Bquation (17) can be applied to obtain valuable
information on the polymerization of ordinary vinyl monomers in the presence

of polynitro additives, A plot of ;1- vs [S] /(M should b~ a straight line

n
whose slope is /%, the ratio of the rate constant of chain transfer to
nitro compound rate constant of chain propagation,

(8) In order to study the chain transfer of tri-
nitroethyl methacrylate it is proposed to study the polymerization of this
monomer in a solvent of similar structure, containing ro nitro groups, An
ester such as ethyl propionate would be suitable, If this nitro monomer
follows the kinstics of other vinyl monumers the rate given by Bquation (6)
would be expected to be valid, This equation predicts that the rate is
Froportional to the square root of the catulyst concentration and to the
monomer concentration, However, since chain transfer to catalyst usually is
small enough to be neglected, and since the solvent is inert, the average
degree of polymerisation P, should be independent of solvent concentration.
This means that the first and third terms in Equation (17) may be neglected;
the equation then reduces to 1/P_ = kp/%o. Indeed, the degree of polymeriza-
tion in an inert solvent should be the same as that obtained in bulk (using
the same catalyst concentration, temperature, etc,).

(9) The experimental work necessary to confirm the
above predictions would consist of polymerizing trinitroethyl methacrylate in
several solvent/monomer ratios between 0.001 and 2,0, using the same cately=¢
concentration (relative tc monomer). At each [S]/ [ld' ratio a yield vs time
curve would be plotted and the intrinsic viscosity of each sample would bhe
determined, For certain solvent/monomer ratios the catalyst concentration
would then be varied and the polymerisation rate would be determined,

(10) By plotting the rate vs square root of the
catalyst concentration a linear relationship should be obtained, Aiso, a plot
of the rate vs monomer concentration should be linear,

(11) The data obtained from the experiments outlined
above should serve to define the functi:sn of the nitro group during
polymerization,

Page 7
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Ce Chain Transfer of Trinitroethyl Propionate
(1) Polymerization of Styrene - Discussion

(a) Because of its structural similarity to
trinitroethyl acrylate, it was decided to investigate first the effect of
trinitroethyl propionate on the polymerization of styrene. In order to do so
it was necessary to carry out some preliminary polymerizations to define
" approximately the effect of the trinitroethyl ptOﬁignate molecule on styrene,

The polymerization of styrene was carried out at LS C for LO hr, using methyl
n-amyl ketone peroxide as catalyst. The concentration of catalyst was kept
constant at 2 mol percent and the amount of trinitroethyl propionate was varied
from O to 20 mol percent, The data obtained are listed in Table I,

(b) It can be seen from these data that
practically complete inhibition occurs at trinitroethyl propionate concentra=
tions of 1 mol percent or more. The nature of the inhibition is questionable,
since the addition of trinitroethyl propionate to styrene gave an immediate
yellow colore This may have resulted from the formation of some type of
molecular complex,

(¢) 1In sample No. 1 (20 mol percent trinitro-
ethyl propionate used) a crystalline compound different from the original
starting materials was obtained. Elemental analysis indicates that this
substance has the empirical formula Cg gHg 5N 50p, 3. Further efforts will be

made to identify this substance, since it may indicate the nature of the
reactions involwved,

. (d) The intrinsic viscosities of the polymers
obtained are also listed. Examination of these values shows that the viscosity
increases as the concentration of the trinitroethyl propionate decreases,
Inasmuch as the percentages of conversion also increases, these values give
only qualitative evidence for chain transfer by trinitroethyl propionate.

{e) A quantitative determination of the chain~
transfer ability of trinitroethyl propionate in styrene (i.e,, the determination
of kp/kp,3 the ratio of rate constants for chain trarsfer ard chain propagation)
is now in progress, #lthough: *hs results are still ir:omplete, it appears that
complete inhibition takes place at U5°C when 1 mol percent of the ester is used,
the polymerization being catalyzed by 0.1 mcl percent methyl n-amyl ketone
peroxide, Using the same amount of catalyst, the polymerization is very slow
when 0,1 mol percent of trinitrcecthyl propionate is used; the conversion is
about 3% after one week at L5°C, 1In view of these results a comparative study
of the polymerization of styrene at three concentrations of methyl n-amyl
ketone peroxide, 0.1, 0.25, and 0.50 mol percent, was carried out. The values
for the rate of polymerization, gg, at the corresponding catalyst concentra-
tions, are 0,0596, 0.101, and 0,12L mol liter~lhr~l for conversions which are
between 25 and 30% complete. Although the determination of the viscosities is
not complete, from a consideration of time involved it appears more feasible to
use concentrations of catalyst groeater than O,1 mol percent,

35ee Equation (17).
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{(2) Pclymerization of Styrene - Experimental

(a) The styrene used in the polymerization was
distilled under nigrogen through a 3-ft glass-helices-packed column just before
use; the bp was 63°C at 50 mm., The polymerizations were carried out in the
following manner: The appropriate quantities of trinitroethyl propionate,
styrene, and pethyl n-amyl ketone peroxide were placed, in order, in thoroughly
clean test tubes (16 x 150 mm). The total number of mols of constituents was
kept at 0.0L8. The concentration of methyl n-amyl ketone peroxide was kspt
constant at 2 mol percent, based on styrene. The concentration of trinitro-
ethyl propiocnate varied from O to 20 mol percent. The test tubes were cooled
in dry ice, flushed with nitrogen, sealed, and then placed in the LS C bath,
After LO hr the samples were dissclved in an equivalent volume of acetone and
the mixtures poured into 50 ml of methanol containing a small amount of n-butyl
catecnol. The precipitated polymers were collected, dried in the vacuum
desiccator using an oil pump for L8 hr, then weighed. The dried polymers were
next dissolved in about 25 times their weight of venzene and precipitated into
five to six volumes of methanol. The samples were then thoroughly dried.

(b)  Viscosity measurements were taken by
dissolving 0,200 gm of reprecipitated polymer in 50,00 ml of anhydrous benzene;
the mixture was permitted to stand for U8B hr and the time of flow was deter-
mined in a modified Ostwald viscometer. The viscosity was calculated from the
relationship

2030 log -:‘—
i o
[7] - —

where t = time of flow for polymer solution, t, = time of flow for solvent,
and ¢ = concentration in grams of polymer per 100 ml of solutione.

(¢) The experiments to determine the value of
were carried out in a modified manner. The appropriate quantities of
yrene, trinitroethyl propionate, and methyl n-amyl ketone peroxide (enough
for six runs) were weighed and mixed, and 10,00-ml aliquots were taken. Tre
density of the mixture was determined in order to calculate the total volume
of solution present. The test tubes containing the samples were then treated
in the usual manner,

(d) A mixture of 2,270 gn (0.0096 mol) of tri=-
nitroethyl propionate, 4,000 gm (9,038l mol) of styrene, snd 0.226 em (0.000768
mol) of methyl n-amyl ketone peroxide, when subjected to the polymerization
conditions described above, resulted in no polystyrere but gave a small amount
of crystalline product. This unknown colorless substance, when crystallized
several times from methylene chloride and n-hexane, melted at 98 to 99 C,

AMI}’SLB Found: %C, 66.89; ﬂ’l) Sohgi %N, 6079
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(3) Polymerization of Methyl Methacrylate - Dis-
cussion

To determine values of kr/kp for methyl
methacrylate and various nitro campounds, a_relationship between intrinsic
viscosity and the degree of polymerization Fh is needed, Tobolsky has deter—
mined such a relationahip:b P?) = 2,52 x ’l.O-3 PnO.BO. Two polymerizations
of methyl methacrylate using benzoyl peroxide as a catalyst were carried out ]
according to the method of Tobolsky tc see whether comparable results could !
be obtaineds The polymerizations were carried out for 29 and 30 min, using !
0.160 mol/liter of benzoyl peroxide at 60°C, The corresponding conversions
were 13,2 and 15.5%, respectively. Tobolsky reported 15% conversion and an
intrinsic viscosity of 0,874, The viscosity of the crude polymer was found
to be 0,61, When the polymer was reprecipitated once from chloroform and
methanol the viscosity was essentially the same.

(L)  Polymerization of Methyl Methacrylate = l
Experimental

Methyl methacrylate (Du Pont) was distilled
under nitrogen at 30 mm pressure. A 0.9683-gm quantity of benzoyl peroxide
(0,160 mol/liter) was weighed into a 25-ml volumetric flask and methyl
methacrylate was added to make 25 ml of solution. Two 10-ml aliquots were
taken and plcced in test tubes; the tubes were flushed with nitrogen, sealed,
and placed in the c0°C bath, The first sample was polymerized for 29 min and
the second for 30 mine The polymers were precipitated in methanol containing
t-butyl cateshol, collecied, and dried in a vacuum desiccator for 2L hr. The
yields were 1.2L9 ym (13.29) and 1,476 (15.5%), respectively. The viscosities
were determined in the usual manner,

d. Chain Transfer of Trinitroethyl Methacrylate

e e .,

(1) As an introduction to the determination of the
chain-transfer characteristics of trinitrccthyl methacrylate, bulk polyneriza-
tion of tnis mater:2l is being studied, using methyl n-amyl ketone peroxide
(MAKP) as initiatoi.

(2) If the polymerization is terminated while the
percentage of conversion is low, the concentration of the monomer will remain
essentially constart and the rate becomes zero order with respect to monamer.

-dM 3 2 o
Thus, —F ~ k, [Cf] rather than being defined by Zquation (6).

(3) The rate of polymerization vs catalyst concen-
tration is being studied, A plot of the rate vs the square root of catalyst
concentration should be linear, provided that the catalyst itself does not
exhibit chain transfer,- Since no information is available on the initiator
MAKP, the rate ¥5 catalyst concentration is being investigated. The data
available are insifiicient to warrent conclusions,

Bi’aper in press,
Page 11
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(L) Experimental

(a) A mixture of 0,3097 gm of MAKP and 30,998l
gn of trinitroethyl methacrylate was divided, in known portions, among six 16-
x 150-mn test tubes which had been specially cleaned. The air above the monomer
mixture was displaced with nitrogen and the tubes were placed in a 50.0 & 0.15°C
stirred oil bath., At intervals a tube was withdrawn and the polymer wa.
immediately precipitated by pouring the mixture into 100 ml of n-hexane. The
polymer was filtered and washed with an additional 100 ml of hexane. The
relative and intrinsic viscosities were determined on samples of sufficient
weight., The results are summarized in Table 1I,

TABLE II

BULK POLYMERIZATION OF TRINITROETHYL METHACRYIATE WITH
1% MAKP AT 50°0

Weight of Weight of

e v e B constant. k 2 c
_gm gn hr Polymerized mol/liter/sec U (1)
5.5537 0.0939 1.5 1,691 1.68 x 105  — -
5.L530 0.1347 2.5 2,470 1.47 x 105 1.059® 0.058
5.010k 0,173k 3.5 3.L61 1.L7 x 105 1.059°® 0,058
5.0016 0.23L5 5.0 L.689 1.39 x 10-5 1.126 0,060
5.0785 0.5057 10.0 9.958 1.L9 x 1005 1.122 0,058
5.0559 0.5567 11,0 11.01 1.49 x 107 1,118 0.056

#Concentration of 2 gn of polymer in 100 ml of acetone
bConcentration of 1 gm of polymer in 100 ml of acetone

‘Calculated by the Baker equation [¥]] = g 60.125 -1>, where
¢ = concentration, L )

(b) Another rate determination was carried out
in the same manner, using a mixture containing 0.0773 gm MAKP and 30.9979 gm of
trinitroethyl methacrylate. These results are given in Table III,

Page 12
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TABLE III

BULX POLYMERIZATION (F TRINITRCETHYL METHACRYLATE WITH
0.,25% MAKP AT 50°C

Weight of  Weight of

Monomer - Polymer Rate 0

Mixture Formed Time 4 Constant k o i
.. -] hr Polymerized mol/liter/sec Ny [RI '

5.3182 0.0876 2.0 1,647 1,2k x 105 - = ‘

S.L265 0.1696 L0 3,125 1.17 x 1070 1,0588 0.056

g. 0632 0.2071 5.5 L, 090 1,12 x 1o‘S 1,089P 0,057 \

5.0258 0.2916 8.0 5,802 1,09 x 107°  1.122°  0.058

5,0273 0.3L17 9.83 6.797 1.0h x 1070 1,127 0.060

S, 0689 0.8634 21.5 17.03 119 x 107 1.257%  0.058

®Concentration of 1,00 gm of polymer/100 ml of acetone

Peoncentration of 1.50 gn of polymer/100 ml of acetone

Concentration of 2,00 gn of polymer/100 ml of acetone

dconcentration of L.00 gm of polymer/1CC ml of acetone

®calculated by the Baker equation,

(¢) It is observed that there is no detectable
change in the intrinsic viscosity, although fourfold ¢hange of catalyst con-
centration occurred, It is also to be noted that the rate at 0.25% catalyst
concentration is not half the rate at 1% initiator concentration, as would
be expected,

2o Pantasrvthritol Trinitrate Acrylate

a, Determination of Polymerization Rate

(1) The polyrmerization rate of pentaerythritol
trinitrate acrylate (petrin acrylate) in acetone solution has been dztermined

Page 13
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at 30, LO, and 50°C. The over-all activation energy has been calculated fr

the rate constants., The dilatometric method described in an earlier repor

wags used to determine thesze values, The rate constants were calculated for a

zero-order reaction, expressed as percent per hour, although the polymerization

appeared to be of complex order. The rate constant, k, was found to be 2,2%/hr

at 30°C, S.3%/hr at LO°C, and 10.07%/hr at 50°C, The activation energy was .
fousxi to be apprroximately 1L kcaul/mecl, The data are given in Tables IV, V, and

Vi, andsplotted in Figures 1, 2, 3, and 4. Density data are presented in

Figure 6,

(2) The dilatometers were prepared by blowing 1.5-
to 2-rl bulbs on l-mm capillary tubing. After calilration, the dilatometers
were filled with a solution of 5,049 gm of acetone containing 5.000 gm of
petrin acrylate and 0.0501 gm of methyl p-amyl ketone peroxide. The filled .
dilatometers were placed in the appropriate baths and the rate of polymeriza-
tion was followed by checking the fall in the level of the meniscus, until
sufficient data were collected to plot a rate curve. The solutions were
cured at 50°C for seven days, then removed; the polymer was precipitated by
pouring into methanol. The polymer from the 30°C bath had a relative viscosity
of 1,49 in acetone at a concentration of 2 gm/100 ml,

b, Solution Polymerization

(1) It was observed from the kinetic study that the
50 wtf solutions of polymer had not gelled. It had been reported in preliminary
experiments that the polymer was acetone-insoluble, Another set of experi-
ments was then carried out to confirm these observations., A 50% solution,
using 1 or 0,25% methyl n-amyl ketone peroxide catalyst, gave soluble polymers, -
At 75% monomer concentration, using the same quantities cf catalyst, gels were
formed which appear to be completely acetone-insoluble, However, they imbibed
solvent and swelled considerably.

(2) The soluble polymer prepared using 1% catalyst
had a relative viscosity of 1.,73. With 0,25% catalyst the relative viscosity
was of 1,67. Although these data are not consistent, the monomer appears
promising and future work is indicated,

3. Vinyl Trinitrobutyrate

It was reported that a possible co-poiymer of vinyl trinitro-
butyrate (VTB) and acrylonitrile had been obtained., Additional ewperiments,
in attemrts to obtain a co-polymer with higher molar ratios of VTB, have
failed. Inasmuch as all of the past work with this monomer has been un-
successful, no future work is anticipated,

sAeroJet Report No. 499 (16 March 1951).
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TABLE IV

POLYMERIZATION OF PETRIN ACRYIAIE AT 30°C
(8Vp = 4,78 x 1072 ml)

)4
8t, hr 8h, cm oV, ml Po ized
0 0 0 0
0.5 0 0 0
1,0 0 0 0
2.0 0 0 0
L.S 0 0 0
5.0 0,01 - 7,61 x 105 0.159
6.0 0.08 6,09 x 10~U 1.28
7.0 0.08 6,09 x 10-U4 1,28
8.0 0,09 6.84 x 10-U4 1.L3
9.0 0.10 7.61 x 10-b 1.59
10,75 0,19 1.45 x 103 3,03
12,0 0.20 1,52 x 103 3.19
17.0 . 0,22 1.67 x 10-3 3.50
19.0 0,35 2,66 x 103 5,57
21.0 0.55 - }o15 x 1073 8.75
22,0 . 0,66 5,03 x 1073 - 10.5
23,0 0.79 6,01 x 103 12.6
2L.0 0.93 7.07 x 1073 14.8
25.0 1,08 8,22 x 10~3 17.2
26.0 1.19 9,06 x 10~3 19.0
27.5 1.39 1,06 x 10~2 22,2
29.5 1,69 1.29 x 10-2 269
31.5 1.84 1,40 x 1072 29,3
33,7 2,09 ‘1,89 x 10~2 33,3
35.25 2.27 1,73 x 1072 36,2
37.0 2.40 1,83 x 1072 38,2
39.0 2.57 1,96 x 10~2 40.9
L1.5 2,78 2,12 x 1072 bli,2
43,0 2.85 2.17 x 10~2 LS .L
47.0 3,09 2,35 x 10-2 L9,2
50.0 3.29 2,51 x 102 52.5
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TABLE VI

Report No. 590

POLYMERIZATION CF FETRIN ACRYLATE AT 50°C
(AVp = 3,76 x 1072 m1)

AhI cm AVl ml
0 0
0,03 2,36 x 10~k
0.05 3,94 x 107k
0405 3,9L x 107k
0.10 7487 x 10~4
0,57 7.63 x 103
1.18 9.29 x 10-3
1.38 1,09 x 10-2
1.61 1.27 x 10-2
1.79 1,41 x 102
1,98 1,56 x _U=2
2,13 1.68 v 10~2
2.8 1,30 x 10~2
2oh6 10911 X 10-2
2,76 2,17 x 10~2
2.88 2,27 x 10°2
3.06 20111 X 10’-2
3.09 2,143 x 1072
3.23 2.5L x 102
3,33 2.62 x 1072
3.51 2.76 x 1072
3.71 2,92 x 1072
3,72 2,93 x 1072
3.83 3,02 x 1072
3.85 3,02 x 10-2
3.88 3,06 x 1072
3,97 3,13 x 10-2
3.97 3013 x 1072
3.89 3,02 x 10°2
3.82 3,01 x 102

CONFIDENTIAL

2.09
20,3
2’-‘ .7
37.5
L1.5
Lul.d
Lh7.7
51,7
577
6C.L
6L.1
6li.6
67.9
69.7
73.4
776
78.0
80,2
80,6
81.2
83.1
83,1
80,6
80.0
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Le Trinitroethyl Methacrylate

a. A sample of polytrinitrcethy) methacrylate which was
to be used in the determination of data for the SPIA data sheet was prepared
several months ago.
before and after steam distillation, and the poor agreement with the predicted
heat of combustion, the sample was not used in the evaluation tests.

Bl Another sample (JPK~30) of polymer was prepared to
replace the previous batch, However, again it was observed that the elemental
analysis was in poor agreement with the theoretical. The carbon and hydrogen
values were high; added confirmation of the disagreement was obtained from the
heat of combustion data, which wae higher than that predicted for the
postulated structure,

Cs Experimental

A 0,3125-gm (0,25%) quantity of methyl n-amyl ketone
peraxide was added to 125.0 gm of trinitroethyl methacrylate, The mixture was
melted and thoroughly mixed, then evenly divided among 13 test tubes (16 x
150 mm) which had been cleaned in chromic acid, washed with distilled waver,
washed with acetone, and finally dried at 75°C., Nitrogen was used to displace

Page 20
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the air above the monomer and the tubes were sealed, Polymerization procecded
for 172 hr at L0°C, followed by 87 hr at 50°C., The polymer (115 gm) was
dissolved in an equal weight of acetone and precipitated in L liters of hexane,
The supernatant liquid was decanted and the polymer was slurried with 2 liters
of hexane, After the material was filtered and dried by pumping in vacuo for
two days, a sample was submitted for analysis. The softening range was 160 to
170°C, ard the impact stability was 30 cm/2 kg; the relative viscosity at a
concentration of 2 gm/i00 ml acetone solution was 1,19, and the mp of the
monomer 28,30°C,

Anal, calc'd for CgHqN30g: #C, 28.93; #H, 2.83; IN, 16,87
Monomer: &C, 29,51; #H, 2,90; %N, 17,10
Polymer: %C, 33,67; ®, 3,72; N, 13.l1

Heat of combustion of polymer: 3171, 3065 cal/gm
Predicted: 2817 cal/gm

. B. ADDITION AND CONDENSATION POLYMERS

1 Introduction

a, In general, monomers containing nitro groups react,
less rapidly than those without nitro groups. As the number of nitro groups
per monomer is increased, the tendency to decompose usually increases with an
increase in temperature. A material that would catalyze the polymerization
reaction would make the rate of polymerization of highly nitrated monomers
practical at lower temperatures, thus decreasing decomposition., Of the
materials tested, boron trifluoride etherate showed the largest catalytic
. effect on the rate of nitro polyurethane formation, During this report

period, boron trifluoride catalysis has been further studied and used as a
practical method of increasing the rate of nitro polyurethane formation.

b Work was continued on the preparation of new poly-
urethanes and larger quantities of those previously prepared.

Ce Further attempts to esterify polyvinyl alcohol and
o-celiulose with nitro acid chlarides and anhydrides have failed. The reaction
of polyvinyl alcohol with 3,3,3-trinitropropyl isocyanate was also unsuccess-
ful. This work will not be continued.

d. Alkaline catalysis of the polymerization of glycidyl
L,L4,b-trinitrobutyrate was not effective, In several cases there was indica-
tion of degradation of the trinitromethyl cnd group., Hydrogen chlorice,
baron trifluoride, and an alkane sulfonic acid were also ineffective., This
work will be continued using glycidyl butyrate as a model,
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2. Polyurethanes

a, Kinetic Studies

(1) Baron Trifluoride Catalysis of Polyurethane I1-J,
from 3,3-Dinitro-1,5-pentane Diitocyanate and
2-Nitro-2-methyl-1,3~propanediol

(a) Work reported previously6 indicated that
boron trifluoride etherate was an excellent catalyst for the reaction of nitro
diisccysnztes with nitro diols in dioxan solution., This catalytic effect was
studied in more detail using the monomers 3,3-dinitro-1,5-pentane diisocyanate
and 2-nitro-2-methyl-1,3-propanediol in dioxan solution. This particular
polymer, I-J, was cnhosen for ihe experiments because the rate of I'NCOJ Adisap-
pearance could be readily measured by the standard analytical procedure,

(b) All of the experiments were performed on a
single mixture of the monomers in anhydrous dioxan, Equivalent amounts of the
reactive groups [-C] and [ENCQ] were used. In three separate experiments,
increasing amounts of boron trifluoride etherate were added to the standard
mixture and all were maintained at 30°C in the same constant-temperature bath,
together with the control containing no catalyst. Samples were periodically
removed and analyzed for [;NCQ]. Figure 6 is a plot of isocyanate concentration
vs time for the uncatalyzed reaction and two of the catalyzea reactions, The
third catalyzed reaction, in which an equivalent quantity of bofon trifluoride
etherate was used, was too rapid to measure and the heat evolved raised the
temperature above thnat of the bath,

(¢) The uncatalyzed reaction was found to be
second order and t value of the rate constant at 36°C was K300 = 6,6 x }0‘
liters equivalent” At 50°C the rate constant was K;oo = 2,3 x 10
liters equivalent‘l hr'l. The catalyzed reactiuns were mare complex and,
when plotted as second-order reactions, straight lines were not obtained., The
initial rate of (;NCO disappearance increased as the amount of boron tri-
fluoride etherate was increased. Another control experiment showed that
isocyanate is not consumed by boron trifluoride etherate in dioxan at 30°C,

(d) Curve 2 of Figure 6 shows the rate of
isocyanate disappearance in thc prccence of 0,0193 equivalent of catalyst per
equivalent of [fNCQ] or [0Hj . The initially rapid rate decreased to the rate
of the uncatalyzed reaction after about half of the total isocyanate had been
consumed, Addition of more catalyst at this point increased the rate of
isocyanate consumption, This indicates that the catalyst is slowly consuned,
probably by forming a complex with the polyurethane that is formed.

ékerojet Report No, 563 (31 December 1951), p. 12,
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Figure 6

(e) Further evidence of boron trifluoride
consumption by the reaction products was observed in the second catalyzed
reaction, shown in curve 3 of Figure 6. Inasmuch as the analytical procedure
used for determining [=NCO] does not serve to differentiate between [-NCO]
and baron trifluoride, the amount of btaron trifluoride added to the reaction
must be subtracted from the total amount of di-p-butylemine consumed to
obtain the [CNCO} concentration., Proceeding in this manner resulted in
negative values for [}NCQ] in later stages of the polymerization, indicating
that the amount of free baron trifluoride still present was less than the
amount originally added.

(f) The relative viscosities of acetone
solutions of the polymers prepared in the three catalyzed reactions were
about the same, However, later experiments have shown that the relative
viscosity is related to the number of equivalents of boron trifluoride used
per equivalent of monomer, The polymer obtained from the reaction in which
an aquivalent gquantity of catalyst was used was submitted for elementary
analysis, Good agreement with thearetical values was obtained. If the
baron trifluoride does form a complex with the polyurethane, it must be
removed during the washing process,
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(g) Experimental (JRF-111)

The 3,3-dinitro-1,5-pentane diisocyanate was
analyzed for [-NCQ] as follows: Approximately 1 gm of the crystalline diisocya-
nate was weighed accurately into a glass-stoppered, 125-ml Erlenmeyer fliask.
Twenty-five ml of a 1N solution of di-n-butylamine in anhydrous dioxan was added.
After cstanding § to 10 min at room teaperature the mixture was iransfarred to a
LOO-m1 beaker; acetone was used to wash out the flask. Twenty-five ml of water
was added and the excess amine was back-titrated with O,5N HC1l to a pH of 5.0.

A blank determination was run simultaneously. _The observed values were 96,30
and 96.3L% purity, assuming that all the {-NCO] was present as 3,3-dinitro-1,5-
pentane diisocyanate.

(h) Commercially available 2-nitro-2-methyl-1,3-
propanediol was recrystallized from benzene, The observed melting point was
14,99C. Dioxan was refluxed 8 hr over sodium metal, decanted, then distilled
from fresh sodium discarding a forerun. Boaron trifluoride etherate was prepared
by saturating anhydcrous etlier with baoron trifluoride, then distilling the
product, discarding a forerun,

(1) A standard dioxan solution containing 1.3106
eq./liter of each of the monomers was prepared, Ten ml of boron trifluoride
etherate was diluted to 100 =1 =ith dioxan, One ml of this solution contained
0,758 meq. of catalyst. The final mixtures were made as follows:

JRF=111-A JRF=111-B JRF=111-C JRF=111-D
150 ml monomer 150 ml monomer 150 ml monomer 50 m1 monomer
sol'n, sol'n, sol'n, sol'n,
S ml BF; sol'n, No BFj sol'n, SO ml BF3 sol'n, 8.6 ml BF30(CoHg)o
LS ml dioxan SO ml dioxan

Equivalent tos

0.9829 eq./liter 0.9829 eq./liter 0.9829 eq./1iter 1.118 eq./liter

nonoaars monomers monomer's
0.01895 eq./liter 0,1895 eq./liter  1.112 eq./liter BFj
BF3 BF3

Total equivalents of [-NCO] vs time for these reactions are listed in Table VII,
The analyses were made by removing 10-ml samples of the reaction mixture, adding
excess normal di-np-butylamine solution, then back-titrating with 0.5N acid,
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TABLE Vil

Repart No, 590

REACTION OF 2-NITRO-2-METHYL-1,3-PROPANEDIOL WITH
3,3-DINITRO-1,5-PENTANE DIISOCYANATE IN DIOXAN

Elapsed + $
Time JRF-111-A% JRF-111-B JRF-111-C

hr Equivalerts ([-NCO]  Equivalents [-NCO] Equivalents [-NCO]
0 0.1966 0.1966 0.1966

0,33 5,1787 — 0,0880

1,00 0,16kL2 0.1950 0.0730

2,00 0.1482 = 0,0635

3.00 0.1397 -— 0.0575

19,0 0.,0997 0.1950 0.0217

23.0 0.0957 — 0.,0170

26,0 0,09L2 -— 0,0140

43.0 0.0877 0.1920 0,0065

50.0 0.0857 0.1918 0.,00L0

96.0 0,0807 0,1875 -0,0010

164.0 0.0727 0,1810 -0,0035

187.0 0,0692 = -0,0040

23L.0 = == -0,00LS

241,5 0.,0630 (M = 1.09) - Precipitated polymer

added 0,0039 eq. BF3

22,5 0.6600 - (% = 1.31)
258,5 0.0355 0,1720

L00.0 - 0.1590

500,0 added 0,0075 eq. BFj -

668.0 Precipitated polymer —

716.0 (N = 1.25) 0.1365

0 9829 eq./liter monomers; 0.01895 eq./liter BF3.

.9829 eq./liter monomers; nc BFj.

829 eq./liter monomers; 0.1895 eq./liter IFj3.
Page 25

CONFIDENT!AL

—




CONFIDENTIAL

II Technical Progress, B (cont.) " "Repart No. 590

(3) JRF-111-D

The reaction mixture became warm immediately,
and after the initial reaction was over, the temperature was maintained at 60°C
for U8 hr, The polymer was precipitated into water, washed, then vacuum steam-
distilled and dried, Ths relative viscosity of a solution in acetone containing
2.00 gm/100 ml was % ~ 1,28 at 25°C,

Anal, calc'd for CyjH17NsOjo: #C, 3L.83; ®H, L.52; &N, 18,47
Found: %C, 3L.79; 8, L.68; #N, 18.LL

(k) The kinetic data observed in the uncatalyzed
reactions are listed in Table VIII. The rate constants were evaluated from
the slope of the plot of TP vs time

(2) A Stwidy of the Effect of Boron Trifluoride Con-
centration on Molecular Weight of Polyurethane
I-A, from 3,3-Dinitro-1,5-pentane Diisocyanate
and 2,2-Dinitro-1,3-propanediol

(a) Previous studies have shown that the function
of boron trifluoride in polyurethane formation is complex., To clarify this
problem, in part, an experiment was undertaken to determine the effect, if any,
of boron triflucoride concentration and of portion-wise addition of baron tri-
fluoride on molecular weight,

(b) As an aprroach to this problem, a dioxan
solution of equivalent amounts of monomers was divided into five aliquots; to
each was added a different amount of baron trifluoride etherate. The poly-
merizations were followed by measurements of the viscosities of the reaction
solutions; and at the point where no further increase in viscosity was observed,
each polymer was precipitated from solution, washed, and dried, As a qualitative
messure of molecular weignt, relative viscosities of the precipitated polymers
w:r2 determined under standard conditions., These data are rr<sented in Table

I», The effect of boron trifluoride concentration on relative viscosity is
shown in Figure 7.

(c) Conclusions

These data show immediately the profound
effert of boron trifluoride concentration on molecular weight, in a manner
s-mevhat suggestive of vinyl-iype catalysis, Sma‘ler -nounts of boron tri-
fluoride favor higher relative viscosities, and in the Jimiting case, the
polymer obtained using no boron trifluoride was insoluble in acetone and
dimethylformamide., Portion-wise addition of boron trifluaride is clearly shown
to effect no increase in molecular weight, The rate of reaction, as shown by
reaction times to constant viscosity, is seen to be an jincreasing function of

Page 26

CONFIDENT!AL




T
]
, CONFIDENTIAL '
II Technical Progress, B (cont.) Repart Ne. 590
|
TABIE VIII |

UNCATALYZED POLYMERIZATIONS 2-NITRO-2-METHYL~1,3-PROPANEDIOL
AND 3,3-DINITRO-1,5-PENTANE DIISOCYANATE IN DIOXAN SOLUTION

Dioxan Solution at 30°C i

Original concentration: 0.9829 equivalent 1liter~1 [-NCO]
0.9829 equivalent liter—l E-OH]

Time Observed !
hr Degree of Polymerization
L3 1,015
96 1,040
164 1,078
259 1,133
Loo 1.227
716 1.k30
i 6.5 x 1074
| : K30% = —W— = 6,6 x IC'h liter eq.~1 hr-1 lf

b Dioxan Solution at 50°C

Original concentration: 2,37 equivalent liter—l :-HCCZ]
2.37 equivalent liter-1 [-OH]

$
f Time Observed
hr Degree of Polymerization
[ 22,0 1.110
{ L3.C 1,220
£ 68.0 1,365

3
Kgoog ® &g%— = 2,3 x 10~2 liter eq.~! hr~l
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TABLE IX

RELATIVE VISCOSITIES AND REACTION TIMES OF
POLYURETHANE I-A PRFFARATTONS

Reaction Time to

Equiv.% BF3°Et,0 Const. Viscosity, hr

No,

JKE-128 0 800
(to a gel)
JKE-2 1 140
JKE-29 5 e
JKE-28 S ¢S at hr 48P 50
JKE-30 10 10
JKB-25 10 + 10 at hr L8P 10
J¥e-26 S0 g
JKE-27 100 2

aPolymer from different initial reaction mixture,
b

Added after viscosity of reaction solution had reached a constant value,

increase in viscosity was observed after addition,

Report No. 590

Relative
Viscositx

Insoluble

1.51
1.L6
1.45
1.Lo
1.0
1.23
1,19

' ]
b— ¢ —-d e
1.60 r— Q2 t . - 4 0 8 s J J & Reietive Viecosity vereus Boron
g . Trifluworids Btherate Concentration
*\_ - Yolyurethsne l-At 3,4-dinitro-1,5-
oY pentene Jdilsocysrale ard 2,l-Elnitro-
~ ‘\' : Eo i P 1.5-propcmdlo{
= .
3
L
~ 140
>
°
»
-t
-
2
o
x
1,20 -
g0 i1C0
kquiv, % BPyeEt2C
Figure 7
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the boron trifluoride concentration. This is in agreement with results of the
kinetic study of polyurethane I-J, To avoid the exceedingly long reaction
times obtained when only catalytic amounts of boron trifluoride are present, a
compromise must undoubtedly be made, sacrificing something in degree of
polymerization for a more feasible rate. Rheological studies will probably
best indicate the correct choice,

(d) Experimental

The monomers were recrystallized and
analyzed immediately prior to the experiment; the purity of both samples was
98.8%; 2.L26 equivalents of the diol were combined with 2,L26 equivalents of
the diisocyanate in dioxan, and the solution was diluted to 750 ml. Aliquots
(150 m1) were then pipetted into five reaction vessels. Boron trifluoride
etherate (normality = 7.58 meq./ml) was pipetted into each vessel in an amount
equivalent to 1, 5, 10, 50, and 100%, respectively, of the moncmer present.
The reaction solutions were placed in a 60°C constant-temperature bath, and
stirred intermittently, Immediately before the second addition of boron
trifluoride etherate to runs JKE-25 and JKE-28, a small vortion of each was
removed as a control, When no further increase in viscosity of a sample was
observed, the solution was removed from the bath, and filtered. The polymer
was precipitated in water in a Waring Blendor, vacuum steam-distilled at 25
to 30°C, and dried in vacuo. The relative viscosities of the dry polymers
were determined in acetoae at a concentration of 2.000 gn/100 ml at 25°C,

b. Solution Polymerizations
(1) Discussion
The new polyurethanes prepared during this
period are listed in Table X. These polymerizations were started before the

influence of boron trifluoride concentration on molecular weight was known,
Accordingly, relatively large amounts of boron trifluoride were used,

(2) Preparation of Polyurethane XI-A, from 3,3,5,7,7-

Pentanitro=1,9-norane Diisocyanate and 2,2-
Dinitro-1,3-propanediol

(a) JRF-112

i Equivalent amounts of the monomers (52.6
g total weight) were dissolved in 77 gm aniiydrous dioxan, Five ml of boron
trifluoride etherate was added. This amount is equivalent to 0.L3 eq. BF; per
equivalent of (=NCQl, The mixture was placed in: a special flask in which the
viscosity ot the solution could be measured during the reaction. Viscosity of
the soclution vs time in hours is listed in Table XI. The temperature was
maintained at 40%C,
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TABLE X
SCHEDULE OF POLYMERS STUDIED: POLYURETHANES

Polymar XI-A .
rlio2 Noz NO, NO,
o-c-N-caz-cng-c-cxg.cx-cuz-LCRg-cnz-N-c-o + HO-CH?-&-CH?(H
NO2 N02 N02
3,3,5,7,7-Pentanitro-1,9-nonane 2,2-Dinitro-1,3-
Diisocyanate propanediol
C11H13N7012 C #i6N206
| 802 noe NO2 | |q rlioz
|
-c-n-curcn?-c-cu?-cu-cng-c-wz-ca?-u.c-o.cn?-?-cxz-o —
NO, 0, NO,
n
CyHi9Ng018
Thearetical I, = 203 1bf sec 1berl
After Nitration Ig, = 231 1bf sec 1ber1
Po I-K
O-C'N-CHQ-CH?!:-CHQ-GXZ-N-C-O + HOCHzcﬁchZ-('J-CHQ- -cng-?-cxzcxgcngm —_—
02 N02 NOQ
3,3-Dinitro-1,5-pentane L,4,6,8,8-Pentanitro-
Diisocyanate 1,1l-undecanediol
C?HgNhOé CllHl9N5012
o Nog 0 Nop Nop No
é-N—Cﬂo—CH z—C—CHe—(‘Hg—N-G—O—CHgCHgCHQ—?—(‘)‘Ig— ll—(ﬂl?-ll‘,-c}igf‘,ﬂzci‘l?-(l_ &«
0] NO2 N02
n
C18H27N9018
Theoretical I, = 175 1bf sec 1bar1

After Nitration Ig, = 209 1bf sec 1bm1
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TABLE X (cont,)

SCHEDULE OF POLYMERS STUDIED: POLYURETHANES

Polymer I-L
NO, NO, Nop Mo
-u-cagcug-é-cngcng-x-c-o * Hoaigaigcaz-):-alz-c-cne.c-cazmacﬂga{ ey
0, ﬁoz
3,3-Dinitro-1,5-pentans h,h,6,6,8,8-Hexnn1tro-1,ll-
Diisocyanate undecanediol
CoHigN),06 C11H18Ng01},
NO HO NO NO NO
e Gl
CHp~ 2CH2-N-C—O-CH20H2CH2-C-CH2- H ~C—CH2CH2CH-0- <«
L 2 02 N02 NOZ n
C18H26N10020
) Thearetical Igy = 191 1bf sec lborl
After Nitration Igy = 219 1bf sec 1beorl
TABIE Y]
VISCOSITY OF POLYURETHANE XI-A - JRF-112 AT LO°C
Time Viscosity
hr ¢entivoise Remarks
| 5 p
16 10
21 1
25 17
Lo 2&
LS 20
L8 28
64 32
72 36
88 36
BaAdded 6.6 ml BF30“,2HS)2 = C.57 eq. BF3/eq.(NCO)
96 27
160 7 Removed from bath
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(t) The polymer was precipitated into water,
washed, vacuum steam-distilled, and dried. A yield of L9.5 gm (SL% of
thearetical) was cbteined., The product softened in the range 85 to 90°C and
had an impact stability of 80 cm/2 kg as compared with RDX at 29 cm/2 kg. The
relative viscosity of a solution of 2,00 gm in 100 ml acetone was 1,11 at 25°C,

Anal, calc'd far CyHigNgO18: %C, 27.96; S, 3.18; ¥N, 20.97
Found: #C, 27.95; M, 3.25; #N, 21,02

Heat of ~ombustion calculated: 2847 cal/gm
Found: 2887 cal/gm

zat stability tests: 65.5°C - 10 min

134.5°C - 7 min; exploded
after 29 min

(3) Preparation of Polyurethane XI-AN: Nitration
of Polyurethane XI-A, 3,3,5,7,7-Pentanitro-1,9-
nonane Diisocyanate and 2,2-Dinitro-1,3-
propanediol

(a) JRF-115

Fifty-three ml of 100% nitric acid at 0°C
was added to 5,355 gm of polyurethane XI-A (JRF-112). After standing 30 min
at C°C, the clear solution was poured into 1 liter of ice water and the
precipitated polymer was filtered, washed, and dried., The niirated product
weighed 5,742 gm (93% of theoretical). It softened .n the range 55 to 60°C
and had an impact stability of 26 cm/2 kg relative to RDX at 29 cm/2 kg. The
relative viscosity of a solution of 2,000 gm in 100 ml of acetone was 1,10,

Anal, calc'd for Cm{17N11022: 2c, 2L.32; FH, 2.L8; TN, 22,29
Found: #C, 2L.39; %H, 2.39; N, 22.02
Heat of combustion calculated: 2420 cal/gm
Found: 242L cal/gm

(k) Preparation of Polyurethane I-¥K: 3,3-Din:tro-
1,5-pentane Diisocyanate and 4,4,6,8,8-
Pentanitro-1,l1l-undecanediol

(a) JRF-113
Equivalent amounts of the monomers (37,.L

gm total weight) were dissolved in U7 gm of anhydrous dioxan. Three ml of
boren triflucride etherate was added, This amount is equivalent to
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0,40 eq, BF3/eq. of E—‘lod] . The mixture evolved heat and rapidiy became more

viscoue, After the initial reaction was over the temperature was maintained

at L0OC, Viscosity of the solutior ve time in hours is listed in Table XII,
TABLE XIX

VISCOSITY OF POLYURETHANE I~£ (JRF-113) AT 40°c

Time Viﬁco.aity
hr centipoise Remarks
0 10
1 61
2 270
3 Too viscous to measurej; added 100 ml dioxan
18 22 .
L2 22 Added 4.6 ml BF50(CoHc), =
. 3
0.60 eq. BFy/eq, (N80§
50 16
138 16 Removed from bath

(b) The polymer was precipitated into water,
washed, vacuum steam-distilled, and dried, A yield of 36.5 gm (97% of theo-
retical) was obtained, The product softened in the range 35 to LO®C and bad
an impact stability >100 cm/2 kg, relative to RDX at 29 cm/2 kg, The
res%ative viscosi.y of a solution of 2,00 gm in 100 ml of acetone was 1.L8 at
25°C.,

Anal, calc'd for CgHy7NgOygt €, 32.88; M, L,1L; W, 19,18
Found: ’C. 33006; mi hohB; m' 18088

Heat of combustion calculated: 3555 cal/gm
' Found: 3563 cal/gm

Heat stability tests: 65.5°C 10 min

134,5°C 11 min; exploded after
22 min

(5) Preparation of PolyurethameI-KN: Nitration
of Polyurethane I-K, 3, 3~Dinitro-l,S5-pentane
Diisocyanate and L,L,6,8,8-Pentanitro-1, 11=
undecanediol

(e) JRF=-116

Fifty-two ml of 100% nitric acid at 0°C was
added to 5.251 gm of polyurethane I-X (JRF-113)., After standing 30 min at 0°c,
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the clear solution was poured into 1 liter of ice water and the precipitated
polymer was filtered, washed, and dried. The nitrated product weighed 5,78L
gn (978 of theoretical), The product scfiened in the range 30 to 35°C and
had an impact stability of LO cm/2 kg, relative to RDX at 29 cm/2 kg. The
relative viscosity of a solution of 2,000 gm in 100 ml of acetone was 1,37,
Anal, calc'd for CygHpeN11090: IC, 28,92; #H, 3.37; #N, 20.62

Found: JIC, 29.37; #H, 3.41; N, 20.92

Heat of combustion calculated: 3075 cal/gm
Found: 3015 cal/gm
(6) Preparation of Polyurethane I-L: 3,3-Dinitro-
8-

1,5-pentane Diisocyanate and 4,4,6,6,8
Hexanitro-1,ll-undecanediol

(a) JRF-11h

Equivalent amounts of the monomers (LS
gn total weight) were dissolved in 66 gm of dioxan, Five ml of boron trifluoride
etherate was added, This amount is equivalent to 0.59 eq. BF3/eq. of (NCO), The
mixture evolved heat and rapidly became more viscous, After the initial
reaction vas over the temperature was maintained at LO®C., Viscosity of the
solution vs time in hcurs is listed in Table XIII.

TABLE XIII
VISCOSITY OF POLYURETHANE I-L (JRF-11L) AT LO°C

Time Viscosity :
hr centipoise Remarks
0 10
1 50
2 167 Efflux time 10,2 sec
17 — Efflux time LO,S5 sec; above calibration of
viscosity pipette,.
2L — Efflux time 4O.5 sec; added 3.5 ml BF30{Cg)>
L O.hl eq. BF /eq.(NCO)
25 _— Efflux time 33.8 sec
89 - Efflux time 33.6 sec
137 - Efflux time 33,6 sec; removed from bath

(b) The polymer was precipitated into water,
washed, vacuum steam-distjlled, and dried. A yield of L3.0 gm (95.5% of
thearet.cal) was obtained. The product softened in the range 35 to L0°C and
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had an impact stability of 100 cm/2 kg, relative to RLX at 2% cm/2 kg. The
relative viscosity of a solutior of 2,00 gm in 100 ml acetone was 1,36 at 25°C,

Anal, calc'd for CygHogN10Oppt #C, 30.78; %H, 3.73; ¥N, 19.94
Found: €%C, 33.06; $H, L.87; ¥N, 20.12

Heat of combustion calculated: 3280 cal/gm
Found: 3372 cal/gm

The analytical values are poor but better vaiues were obtained after nitration.

Heat stability: 65,5°C 8 =in
134.5°C 8 min; exploded

(7) Preparation of Polyurethane I-IN: Nitration of
Polyurethane I-L, 3,3-Dinitro-1,5-pentane
Diisocyanate and L4,4,6,6,8,8-Hexanitro-1,1i-
undecanediol

(a) JRF-117

Fifty-two ml of 100% nitric acid at 0°C was
added to 5.17C gm of polyurethane I-L (JRF-114). After standing 30 min at 0°C,
the clear solution was poured into 1 liter of ice water and the precipitated
polymer was filtered, washed, and dried. The nitrated product weighed 5.646 gm
(97% of theorztical). It softened in the range 30 to 35°C and had an impact
stability of 35 cm/2 kg, relative to RIX at 29 cm/2 kg. The relative viscosity
of a solution of 2,000 gm in 100 ml of acetone was 1,28,

Anal, cale'd for CygHy N ,0p,t %C, 27.28; B, 3.05; #N, 21.21
Found: ¢C, 27.85; #H, 3.12; #N, 20,79

Heat of combustion calculated: 2858 cal/gm
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